Introduction
Innovation is considered an important source of economic growth (Romer, 1990) . However, the outputs of innovation are strongly affected by problems of non-appropriability, non-divisibility and uncertainty, making it difficult for firms to fully internalise the returns to their investment. As a result, the equilibrium level of private investment in innovation (i.e., R&D investment) tends to be socially suboptimal (Arrow, 1962) .
In order to improve resource allocation for innovation, many countries have policies such as tax credits or assistance grants to support private R&D activity. These policies aim to reduce the costs of innovation to firms and hence to stimulate innovative activity. According to Eurostat, the public share in R&D activities in the business sector in 2012 was 6.7 percent for EU28 and 11.5 percent for the US. 1 In New Zealand, the corresponding share was around 8.8 percent in 2012 (Statistics New Zealand, 2013, Table 4 .01), with direct R&D subsidy for businesses ranging from NZ$33 million to NZ$90 million per year during 2009-2013. 2 Although there is considerable evidence on the impact of such policies, most existing studies examine whether R&D subsidies affect firms' innovation input (e.g. on investment in R&D, tangible assets or employment). Very few consider their impact on firms' innovation output. Innovation output is a more interesting outcome as it is arguably a better indicator of whether the subsidy is effective. The current study seeks to estimate the impact of R&D subsidy on innovation output for firms in New Zealand. 3 There are no R&D tax credits in New Zealand; the main lever the government uses to lift business R&D investment is direct funding through R&D support programmes, which were considerably boosted in 2013. This study will provide useful insights into the role that government R&D support programmes play in business innovation in New Zealand.
Research of this kind must confront the issue of selection bias, which arises because government assistance is not randomly assigned: grants are made in part on the basis of characteristics such as management expertise and productivity that are observed by the granting agency but not by the econometrician. Thus, a finding of correlation between assistance receipt and 1 The public share in R&D in all sectors in 2012 was 33% for EU28 and 31% for the US (Eurostat, 2014) . 2 Statistics New Zealand (2013, Table 4 .01) reports higher figures for government R&D funding for businesses (e.g. $146 million in 2012) as these figures include indirect funding (from the national government) as well as funding from local government agencies. 3 A recent study (Ministry of Economic Development, 2011) evaluated the impact of R&D subsidy on firms' sales, employment and productivity for New Zealand firms, but innovation output was not examined. 2 innovative activity does not necessarily indicate an impact of the former on the latter. This study will address selection bias by drawing on a rich database, New Zealand's Longitudinal Business Database (LBD). Since we are able to control for a large number of firm characteristics, selection bias due to observables can be mitigated and more confidence can be had as to whether any observed association between assistance receipt and innovative activity is likely to represent a causal effect.
Moreover, the study provides an alternative window on the selection bias issue by testing for impact of R&D subsidy on an outcome that is not related to innovation as well as impact on innovation outcomes of a government assistance programme that does not provide resources for R&D.
Another feature that distinguishes this study from earlier ones is that it examines several innovation outcomes, making it possible to assess how R&D subsidy impacts on different levels of innovativeness.
The study proceeds as follows. Section 2 summarises the literature on the effects of government subsidies on firms' innovation output. Section 3 outlines programmes of direct government assistance to firms in New Zealand. Sections 4 and 5 respectively describe the data and methods. Section 6 presents summary statistics, followed by the estimation results in Section 7.
Section 8 summarises and concludes.
Brief literature review
The primary pathway through which R&D subsidies influences firms' innovation outputs is by reducing the costs of R&D borne by the firm, thereby increasing R&D activities and hopefully innovation outputs. In addition, Humphery-Jenner et al (2014) argue that R&D subsidies in the form of grants can help improve innovation outputs by providing the recipient firm with an externally validated signal of quality, thereby encouraging collaboration and venture investment into the firm's R&D projects which could result in more innovation outputs.
Several studies have documented significant impacts of R&D subsidies on innovation outputs. Branstetter and Sakakibara (2002) find that participation in a government-sponsored research consortium increased the patenting activity of Japanese firms. For Canadian firms, Bérubé and Mohnen (2009) find that firms benefiting from R&D tax credits and R&D grants introduced more new products than their counterparts that benefited from R&D tax credits alone, while Czarnitzki et al (2011) find a positive effect of R&D tax credits on the number of new products introduced by recipient firms. Most recently, in their study of Northern Italian firms, Bronzini and Piselli (2014) find that R&D grant receipt had a significant impact on the number of patents, more markedly in the case of smaller firms.
However, such significant impacts are not always observed. For example, in their survey of evaluations of government Technology Development Funds in Argentina, Brazil, Chile and Panama, Hall and Maffioli (2008) do not find much statistically significant impact on patents or new product sales. Cappelen et al (2012) find R&D tax credits to have no impact on patenting activity and the introduction of new products by beneficiary firms in Norway.
Sometimes mixed results are found within one study. For example, Czarnitzki et al (2007) find that in Germany, subsidies for individual research do not have a significant impact on R&D and patenting but the innovative performance could be improved by additional incentives for collaboration. The same study finds that for Finnish companies, without R&D subsidies recipients would show less R&D and patenting activity, whilst those firms not receiving subsidies would perform significantly better if they were subsidised. Czarnitzki and Licht (2006) find additionality in public R&D grants with regard to innovation input measured as R&D expenditures and innovation expenditures, as well as with regard to innovation output measured by patent applications. Input additionality has been more pronounced in Eastern Germany during the transition period than in Western Germany, while the opposite is true for innovation additionality.
In summary, there is a small body of evidence indicating that R&D subsidies increase firms' innovative output, but this finding is not universal. There is clearly scope for further work.
Direct government assistance to firms in New Zealand
The New Zealand government provides direct assistance to firms 4 in various forms, including training, information, advice and funding. Examples include co-funding for R&D projects, market intelligence provided by offshore offices to exporters, and training to owners and managers of small businesses. While the nature and objectives of assistance vary across programmes, they share the prime motivation of enhancing the economic performance of participants and ultimately the New Zealand economy. Most of the assistance is provided through the following programmes (de Beer et al, 2010) : Firms classified as high-growth potential were eligible to receive Client Management Services (CMS, part of NZTE growth). These firms were assigned an NZTE Sector or Client Manager to help firms identify the strategies and services to address their needs. Growth Services Fund (GSF, also part of NZTE growth) was only accessible to firms that were receiving Client Management Services. A client manager invited firms to apply for this assistance after a thorough screening process and helped the firm with the application process. The rejection rate was low due to the prior screening process. By contrast, any firm is able to access Market Development Services (part of NZTE international) by paying for these services. Firms that receive CMS or GSF may receive these services at no or subsidised cost. Discussions with granting agencies indicate that applicants are not evaluated against a score card, but are rather chosen based on their characteristics and a fair degree of subjectivity from the granting agency. 5 MBIE R&D programmes include several schemes, some of which have been discontinued or supplanted by new schemes. Nevertheless, these schemes can be classified into two categories.
The first category (MBIE R&D capability building) provides assistance to build R&D capability within a firm, through information services designed to enable research organisations to respond to technological information requests at low or no cost to the requesting firm, co-funding to hire a consultant on a technical innovation project, or payments to senior undergraduate and graduate 5 students to undertake an R&D project within the firm. The second category (MBIE R&D project) provides co-funding for R&D projects for firms with more highly developed R&D capability. 6
While some firms are keen to use as much government R&D funding as they can, there are concerns that the application process is non-transparent, picking winners, taking firms more time than saving them money (Oxley et al, 2013) and that the grants are wasteful taxpayer subsidy for unprofitable companies (O'Neil, 2014) . De Beer et al (2010) show that firms that receive any kind of government assistance on average had higher sales and were more likely to export than other firms.
Appendix Table 1 shows that government direct R&D funding for businesses was $16 million on 2001, gradually increasing to $60 million in 2007 before steadily declining to $33 million in 2010. A re-assessment of R&D subsidies by the National-led government saw huge jumps in funding from 2012, with funding reaching its peak of $90 million in 2013. Appendix Table 2 shows that 89 percent of the R&D funding in 2012 7 was for R&D projects and 11 percent was for R&D capability building. The average capability building grant was $14,500 per year while the average project grant was $326,500 per year. The majority (79 percent) of project funding goes to firms aged 10 years or over. Almost half of project funding was for firms with at least 100 employees, compared with just under a third for firms with under 20 employees. The largest receiving industries of project funding were 'Machinery and Equipment Manufacturing' and 'Business Services', accounting for 42 and 37 percent of funding respectively. While receiving only 11 percent of project funding, firms with fewer than five employees attract almost half of funding for capability building grants. The latter funding is relatively more evenly distributed across age groups and industries than project funding.
Data

Data sources
This study uses data from the LBD, a linked longitudinal dataset that contains tax-and survey-based financial data, merchandise and services trade data, a variety of sample surveys on business practices and outcomes, and government programme participation lists (Fabling, 2009 ), 6 providing comprehensive information on firms' demographic characteristics, financial data, input, output, R&D activity, innovative activity and government R&D assistance.
Three main components of the LBD will be used in this study: the Business Operations Survey (BOS) for data on business operations and innovation, administrative data on business participation in government assistance programmes (GAP), and administrative data on intellectual property (IP) rights.
BOS is a large-scale business sample survey that has been conducted annually by Statistics (2005, 2007, 2009, 2011 and 2013 
Key variables
Measures of innovation outputs
We use seven measures of innovation outputs 1. Any innovation: whether the firm developed or introduced any new or significantly improved goods or services, operational processes, organisational/ managerial processes, or marketing methods in the last financial year 2. Process innovation: whether the firm implemented any new or significantly improved operational processes (i.e. methods of producing or distributing goods or services) in the last two financial years 3. Product innovation: whether the firm introduced onto the market any new or significantly improved goods or services in the last two financial years 4. New product to the world: whether the firm introduced to the world new goods or services that were developed by itself or developed by itself in partnership with others in the last two financial years 5. Sales due to new products: Percentage of sales that come from new goods and services in the last financial year (zero for firms without product innovation) 6. New patent: whether the firm applied for a patent in the last financial year 7. New trademark: whether the firm applied a trademark in the last financial year
The first measure (any innovation) is available from BOS Module A; the next four measures are from BOS Module B (and thus observed in odd years only). 8 All of these five measures potentially capture innovations regardless of whether they are legally protected. However, being selfreported, the definitions of these measures are likely to reflect a fair degree of subjectivity from the survey respondents. The first three measures include any new-to-the-firm innovation and thus encompass actions that represent adoption or imitation rather than true innovation. For this reason, we also use 'new products to the world' that are 'developed by this business' or 'developed by this business in partnership with others', which should, in principle, be limited to true innovation.
The last two measures are available from the IP data (for the population in each year during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Being from administrative sources, the data for these measures have the merit of being based on an external, nominally objective standard. However, patents and trademarks have been criticised for both understating and overstating innovation output. On the one hand, they understate innovation output because not all innovations are formally protected through patents and trademarks or should be so given the costs involved. On the other hand, patents and trademarks overstate innovation output because many are never commercialised. Furthermore, patents are used much more frequently in some industries such as pharmaceutical and chemical industries than in others (Hall et al, 2005) , making it hard to compare innovativeness across industries based on patents. The use of trademarks also varies across industries, albeit less markedly than for patents (Munari, 2013) .
Patents are the dominant measures of innovation output in the literature (Griliches, 1990) while trademarks have been used to a lesser, but rising, extent (e.g. Mendonça et al, 2004; Gotsch and Hipp, 2012; Flikkema et al 2014) . In recent years, many studies also adopted broader-based measures of innovation, due to the available data from innovation surveys (e.g. Mairesse and Mohnen, 2005; Kampik and Dachs, 2011; Oxley et al, 2013) . Hopefully by using all of these measures in this study, we can capture different aspects of innovation and see if the results are sensitive to the type of measure. 9
Measures of government assistance
The 'treatment' variable in our analysis is whether or not the firm received any MBIE R&D grant in the previous three years. The three-year time frame is to allow for the possibility that R&D investment takes up to three years to produce innovation output, and the time lag ('previous') is to allow for at least one year between when a grant is received and when innovation output is observed. In some analyses, we further distinguish two types of R&D grant: R&D capability building and R&D project, as in Ministry of Economic Development (2011).
Pooling the treatment into a three-year window makes it difficult to define the pre-treatment period that suits both treated and untreated firms. However, this has the advantage of allowing for the possibility that firms' R&D investment take different gestation periods of up to three years to produce output. Furthermore, innovation outputs are non-divisible (i.e. a firm can only 'innovate' or 'not innovate', not 'partly innovate') and innovation persistence is very low among New Zealand firms. 10 Thus, if we were instead to choose a specific gestation lag (e.g. 2 years) we would miss the innovation output from firms for which the lag from grant receipt to innovation output is different (e.g. 1 or 3 years). 11 We also have information on whether or not the firm received government assistance other than an R&D grant in the previous five years. The NZTE Enterprise Training Programme (ETP) is excluded from this measure as this programme has a low matching rate compared with other programmes. 12 The longer time frame for this measure (five years vs. three years for R&D grant) is to capture the possibility that receiving other assistance will put a firm in the pipeline which will improve its potential to later receive an R&D grant. This variable is only used as a control variable, along with other control variables, in the analysis.
Methods
The starting point for examining the effects of R&D grant receipt on outcomes is a reducedform model:
( 1) where indexes firms, T is a binary variable capturing whether a firm receive an R&D grant, and is a vector of control variables. , and are parameters to be estimated, with capturing the total direct effect of R&D grant receipt on the outcome in question, holding constant other observable factors.
As Jaffe (2002) notes, the selection problem that arises in attempting to assess the impact of policies like R&D grants is widely recognised. Specifically, R&D grant receipt is potentially correlated with other firm characteristics. Thus, while a significant positive relationship between R&D grant receipt and an outcome may indicate that R&D grant receipt is associated with a better outcome, it does not prove that R&D grant receipt per se leads to the improvement in outcome.
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Firms that receive an R&D grant may be different from other firms in many observed and unobserved characteristics, and it might be these characteristics that drive a difference in outcomes.
Ignoring the potential selection bias may lead to biased estimates of the impact of R&D grant receipt on outcomes.
To mitigate the potential selection bias due to observables, this study uses the propensity score matching (PSM) method. PSM estimates the treatment effect (of R&D grant receipt) by comparing a treated firm (firm receiving an R&D grant) with an untreated firm (firm not receiving an R&D grant) that is as similar to the treated firm as possible. Specifically, the PSM process involves three steps. The first step obtains the propensity score, which is the predicted probability that a firm receives an R&D grant, given its characteristics. The second step matches a treated firm with an untreated firm based on their propensity scores. Treated firms form the treatment group, while untreated firms that can be matched to at least one treated firm form the control group. In the last step, the average treatment effect on the treated (impact of R&D grant receipt) is estimated as the weighted mean difference in the outcome between the treatment group and the control group,
where the weighting scheme is detailed in below.
Two methods will be used to match a firm that receives an R&D grant with a firm that does not. For both methods, an untreated firm is matched with a treated firm when the difference in propensity scores between the two is less than a specified bandwidth. The likelihood of a match can be raised by setting a larger bandwidth, but this would be at the expense of the match quality. For both methods, treated firms always have a unity weight and unmatched firms a zero weight. The differences between the two matching methods lie in the number of untreated firms that are used in the control group and how untreated firms are weighted.
In the first method (kernel matching), a 'synthetic' counterfactual is created for each treated firm, based on the kernel-weighted average of the characteristics of all matched untreated firms. The closer an untreated firm is to a treated firm in terms of propensity score, the higher is the weight applied to that untreated firm in creating the 'counterfactual' case for a treated firm. The second method (calliper matching) only matches a treated firm with up to n nearest untreated firms (where n is set at 5 in this study) but weights all matched firms in each match equally. 13
If the explanatory variables used for the estimation of the propensity score equation do a 13 Each untreated firm receives a weight of one for every treated firm it can be matched to; some untreated firms can have weights that are greater than one as they can be matched to multiple treated firms.
good job predicting which firms receive the treatment, then it is plausible that selection bias due to unobservables is minimised as well (since selection is mostly captured by the observables). This would then mean that the estimated effect using PSM can be interpreted as causal. While a regression-with-controls model (as in equation (1) 
Descriptive statistics
This study uses two main estimation samples, corresponding to the two sources for innovation data. The first sample, which takes measures of innovation from the BOS survey, is based on firms that participated in the same survey. The second sample, which takes measures of innovation from the IP data, is based on the entire population. For both estimation samples, we restrict the analyses to economically active firms in the private, for-profit sector, 15 and whose twodigit industry had at least one firm that received an R&D grant in the previous three years. The IP sample also excludes firms in the primary sector (including agriculture, forestry, fishing and mining industries) as very few firms in this sector apply for patents or trademarks.
Furthermore, we restrict the samples to firms employing at least one worker that were economically active four years earlier for the IP sample or that are aged at least three years 16 for the BOS sample. This is to allow for the fact that firms need to have employees in order to apply for R&D grants and carry out R&D activity, 17 that grant applications are assessed based on firms' past performance, and that R&D investment takes time to generate innovation output. As a result, our IP 12 estimation sample contains around 298,000 observations on 97,000 firms pooled across five years (2005) (2006) (2007) (2008) (2009) 2009 being the latest year for which IP data are available in the LBD), while the BOS estimation sample contains over 26,400 observations on 11,200 firms pooled across five years (2005, 2007, 2009, 2011 and 2013) . 18 First, we estimate the probability that a firm receives an R&D grant, given its characteristics.
The predicted probability then serves as the propensity score in the PSM estimation of the treatment effect. In theory, the characteristics used to estimate the propensity score equation should not be influenced by the treatment itself and thus should ideally be observed before treatment. However, not all firms are surveyed before treatment and since most of the characteristics we use are not likely to vary over time (e.g. industry, primary location, state ownership, year of birth), we use posttreatment characteristics in order to maximise the estimation samples. 20 Table 2 , several characteristics are associated with the likelihood of R&D grant receipt. Specifically, for the BOS sample (column 1) firms that received non-R&D assistance in the previous five years are 10 percentage points more likely to have received an R&D grant in the previous three years. Larger firms are more likely to have received an R&D grant, while firms operating in more competitive markets are less likely. Confirming what was observed in Table 1 , other characteristics that are significantly associated with R&D grant receipt include belonging to a business group, exporting, foreign ownership, having ownership interests overseas, and having recently requested capital. While R&D-grant-receiving firms are older and more likely to be stateowned than other firms (Table 1) , the estimation reveals that age and state ownership have no significant associations with R&D grant receipt after other factors are controlled for. 21 The PSM approach makes the treatment group and control group more comparable. Table 1 , column 3 excludes those treated firms for which no match could be found, and column 4 includes only those untreated firms whose propensity score is close to that of a treated firm. Note that while the means of most explanatory variables are statistically different between the two groups before the matching (columns 1-2), no significant differences remain after the matching (columns 3-4). 20 See Table 5 for a robustness check on this choice. 21 We initially controlled for many more variables; those that had zero, insignificant coefficients were dropped (dummies for higher-quality product than competitors, (local area has) good transport infrastructure, good Information and Communication Technology infrastructure, good water and waste infrastructure, good unskilled labour market, good local business networks, and good local body planning and regulatory process, and categories of debt to equity ratio). Notes: *** p<0.01, ** p<0.05, * p<0.1. Average marginal effects are calculated from estimated probit coefficients. Standard errors (in parentheses) are adjusted to allow for 'clustering' due to multiple observations (in different years) of the same firm. Industry-year and location dummies are included in the regression but not reported here. Numbers of observations have been randomly rounded to base 3 to protect confidentiality.
As shown in
Looking back to
Average treatment effect on the treated
The PSM approach assumes that, conditional on the treatment and control group being sufficiently similar on observed and unobserved characteristics after the PSM weighting, the difference in outcome between a treated firm and a control firm is attributed to the effect of treatment (R&D grant receipt). The average treatment effects on the treated, i.e. the average difference in outcome between the treatment group and the control group across all treated firms, are presented in Table 3 . For each outcome, there are four estimates. The first two estimates are based on the kernel method (see columns 1 and 2) and the last two estimates on the calliper method (columns 3 and 4). Two alternative bandwidths are used for each method: 0.01 and 0.001. A bandwidth can be thought of as a 'tolerable difference'. The higher the chosen bandwidth is, the more likely it is to find an untreated firm that can be matched to a treated firm, yet the less likely it is that they are a good match. BOS 2005 BOS , 2007 BOS , 2009 BOS , 2011 BOS , 2013 Notes: *** p<0.01, ** p<0.05, * p<0.1 Numbers of observations have been randomly rounded to base 3 to protect confidentiality. Treatment effects are estimated using the propensity score matching approach. Standard errors are bootstrapped with 100 replications. Relative effect is the ratio of (significant) treatment effect to mean of control group.
To improve the quality of matching, we only match treated firms with control firms within the same industry category (as listed in Table 1 ) and year. This is to prevent matching firms across very different industries or matching a firm with itself in a different year. The matching sample is also required to meet the 'common support' condition, which is that no characteristic can perfectly predict treatment status (i.e. if a treated observation has a certain characteristic, there must be at least one control observation with that characteristic in the sample, and vice versa). The standard errors of all point estimates are bootstrapped with 100 replications. 22 Several results can be highlighted from Table 3 . First, all of estimated effects are smaller than the unconditional gaps. While the unconditional gap in percentage of sales due to new products between firms that received an R&D grant and firms that did not is 4.5 percentage points (Table 1, columns 1-2), the effect of R&D grant receipt estimated by the PSM approach is only 1.8-2 percentage points (Table 3) .
Second, for each bandwidth, the kernel method (Table 3 , columns 1 and 2) produces similar estimates to the calliper method (columns 3 and 4). For example, the kernel method with a bandwidth of 0.01 suggests that R&D grant receipt increases the probability of product innovation by 10 percentage points, which is almost identical to the estimated produced by the calliper method with the same bandwidth (9.8 percentage points).
Third, while lowering the bandwidth always reduces the number of matches 23 and thus increases standard errors, it raises relative effects. For example, the kernel method with a bandwidth of 0.01 (column 1) suggests that R&D grant receipt increases the probability of process innovation by 15 percent (treatment effect of 5.3 percentage points, relative to the innovation rate in the control group of 35 percent), while the same method with a bandwidth of 0.001 (column 2) suggests the increase is 17 percent.
Fourth, in relative terms, larger effects are observed for more novel innovation. For example, based on the kernel method with a bandwidth of 0.01, R&D grant receipt almost doubles the probability of 'new product to the world' innovation (treatment effect of 9.4 percentage points, relative to innovation rate in the control group of 12.4 percent), while it only increases the probability of any product innovation by 22 percent and only increases the probability of any innovation by 13 percent. Our interpretation is that more novel innovation tends to require more financial resources, so the aid of an R&D grant is more likely to have considerable impact on this more novel innovation output. By contrast, lower-level innovation like 'any innovation' is much easier to achieve, so an R&D grant tends to play a less important role in determining whether some innovation will result. Furthermore, R&D grants might have spillover effects, in that non-recipients can benefit by imitating more novel innovations created by grant recipients.
Since the kernel method and calliper method produce similar results, for the rest of the study we will concentrate on the kernel method as this method has the advantage of using a larger control group. We will use the 0.01 bandwidth as it also uses larger control and treatment groups and tends to produce more conservative estimates of R&D grant receipt than the 0.001 bandwidth. Table 4 presents estimated effects of R&D grant receipt on innovation outcomes by type of grant, firm size and time period. 24 A few patterns stand out from this table. First, R&D project grants have much larger effects on all innovation outcomes than R&D capability building grants.
For example, while the rate of product innovation for the control group is similar for both capability building grants (42 percent, column 1) and project grants (44 percent, column 2), project grants are estimated to raise the probability of product innovation by 17 percentage points, while the effect of the capability building grants is only 5 percentage points. 25 While project grants are estimated to increase the share of sales due to new products by 4.3 percentage points, no significant effect is observed for capability building grants. This result is perhaps not surprising given the nature of the grants. As mentioned in Section 3, R&D capability building grants, which averaged $14,500 per year in 2012, provide assistance to build R&D capability within a firm, through information service designed to enable research organisations to respond to technological information requests at low or no cost to the requesting firm, co-funding to hire a consultant on a technical innovation project, or payments to senior undergraduate and graduate students to undertake a R&D project within a firm.
Such assistance is unlikely to improve innovation outputs. Innovation outputs are more likely to be affected by project grants, which provide considerable co-funding (averaging $326,500 per year in 2012) for R&D projects for firms with more highly developed R&D capability. This result is indirect evidence that government assistance with limited funding is not effective in boosting innovative activity. 26 Second, the estimated effect of R&D grant receipt is broadly similar between small to 24 The propensity score equation is re-estimated separately for each sub-sample. Almost identical results are obtained when we use the propensity score estimated for the pooled sample. 25 Firms that received both types of grants are excluded from analyses by type of grant. 26 To check for the possibility that the weak results due to capability building grants is because not enough time lag is allowed after grant receipt, we estimate the impact of capability grants received 2-4 years (and alternatively 3-5 years) before innovation outcomes are observed. At first, some significant, albeit small, effects are found for 'new product to the world' innovation and sales due to new products. However, these effects decrease markedly and lose statistical significance when we exclude firms that received a project grant. Thus, it seems that capability building grants can only boost innovative activity when (subsequently) accompanied by a project grant. medium firms (with fewer than 50 employees) and larger firms (with at least 50 employees). 27 For example, R&D grant receipt is estimated to increases the probability of product innovation by 10 percentage points for small to medium firms (column 3), largely in line with the estimated effect on larger firms (9.2 percentage points, column 4). Source: Authors' estimation from BOS 2005 BOS , 2007 BOS , 2009 BOS , 2011 BOS , 2013 Notes: *** p<0.01, ** p<0.05, * p<0.1 Numbers of observations have been randomly rounded to base 3 to protect confidentiality. Treatment effects are estimated using the propensity score matching approach with the kernel method and a bandwidth of 0.01. Standard errors are bootstrapped with 100 replications. Relative effect is the ratio of (significant) treatment effect to mean of control group.
Third, the estimated effect of R&D grant receipt on all innovation measures is somewhat The most noticeable difference is that R&D grant receipt is estimated to raise the probability of process innovation by 12 percentage points during 2009-2013 while no effect is seen during 2005-20 2007. Stronger effects for the later period could be because the number of funded firms was lower while the average grant size was much higher in 2009-2013 than in 2005-2007 (see Appendix Table   1 ).
Robustness checks
We next conduct some robustness checks on the results presented in Tables 3-4. The first check is on the timing of the characteristics used to match treated to untreated firms. Theoretically, characteristics observed post-treatment may be affected by the treatment, so matching on those characteristics may underestimate the effect of the treatment on the outcome. In order to have firms that have both pre-and post-treatment characteristics, we restrict the analysis to firms that were in the 2009, 2011 and 2013 surveys that were also surveyed four years earlier. Based on this sample, we first estimate the treatments effect based on post-treatment characteristics ( Table 5 , column 1). We then repeat the analysis using pre-treatment characteristics (column 2). For example, to analyse outcomes observed in 2009 we use characteristics observed in 2005, a period that predates any treatment received by the treated firms in 2009. Comparing columns 1 and 2 suggests that matching based on post-treatment characteristics understates the treatment effects on all outcomes, in both absolute and relative terms. For example, matching based on post-treatment characteristics suggests that receiving an R&D in the previous three years raises the probability of 'new product to the world' by 40 percent in relative terms (column 1). When pre-treatment characteristics are used for matching, the corresponding effect is 125 percent (column 2).
Next, we re-estimate the specification in column 2 by additionally controlling for past outcome in the propensity score equation. This should further reduce selection bias as innovation outcome observed pre-treatment acts as proxy for firm's unobserved innovativeness. The result (column 3) suggests that controlling for past outcome tends to reduce the estimated treatment effects slightly. Similar effects are obtained when the PSM equation controls for past R&D activity instead of past outcome (column 4).
About a third of firms that received an R&D grant in the previous three years also received one in the current year. For these firms, the outcomes are thus being assessed during an on-going treatment rather than post-treatment. When these firms are excluded, the estimated treatment effects (column 5) are broadly similar to those in Table 3 (column 1), suggesting that the latter results are not driven by firms that still undergo a multi-year treatment. Source: Authors' estimation from BOS 2005 BOS , 2007 BOS , 2009 BOS , 2011 BOS , 2013 Notes: See notes to Table 4 . See text for details on specification for each column.
Accordingly, the results presented in Tables 3-4 understate treatment effects by matching based on post-rather than pre-treatment characteristics, while overstating the effects by not controlling for firm's unobserved innovativeness. On balance, the results from columns 1-3 of Table 5 appear to suggest that the treatment effects presented in Tables 3-4 tend to be on the conservative side.
IP innovation outcomes
As shown in Table 6 , 29 the results for the effect of R&D grant receipt on the probability of receiving a patent are qualitatively similar to those for the BOS innovation measures, but they are not as statistically significant. In particular, across the estimation sample, 1.4 percent of firms applied for a patent during 2005-2009 (column 1). R&D grant receipt is estimated to almost double the probability of applying for a patent. This effect is similar between project grants and capability building grants (columns 2-3). 30 This result contrasts the finding in Table 4 that project grants have   29 Table 2 (columns 2-3) contains the average marginal effects on the probability of receiving an R&D grant for the IP sample. Despite having fewer explanatory variables than for the BOS sample (due to the lack of variables that are only available through the BOS survey), the propensity score regressions for the IP sample have higher goodness of fit (Rsquared of 38%) than for the BOS sample (29%). 30 The means of the control group in columns 2 and 3 are lower than in column 1, as firms that received both types of grant are excluded from analysis by grant type.
22 much stronger effects than capability building grants. 31 Disaggregated by firm size, R&D grant receipt is estimated to increase the probability of applying for a patent by 0.5 percentage point for small to medium firms, or 55 percent in relative terms. The corresponding effect on larger firms is 2.2 percentage points, or 65 percent in relative terms. However, these effects are not significant (small to medium firms) or only weakly significant (larger firms). This could be because the estimates by firm size are based on smaller samples than those based on the full sample (columns 1-3) and hence are less precisely estimated (i.e. higher standard errors, thus less likely to be statistically significant). Nevertheless, this result reinforces the finding in Table 4 that the estimated effect of R&D grant receipt is broadly similar between the two groups of firms.
Interestingly, the estimated effect of R&D grant receipt on the probability of applying for a trademark is near zero and statistically insignificant across specifications. Indeed, we would expect trademarks to be less affected by any R&D-related instrument than patents. Patenting depends on the firm's ability to discover an invention that represents an advance over the existing knowledge, typically based on scientific and technical knowledge that is increased by R&D. In contrast, trademarks represent a branding strategy that may or may not be connected to a technical invention (Camisón and Monfort-Mir, 2012; Gotsch and Hipp, 2012) . Nevertheless, given that the importance of trademarks relative to patents is significantly higher in New Zealand than in other OECD countries (Jaffe, 2013) , the lack of a link between R&D and trademark activity merits further study.
Testing for placebo effects
The PSM matching method is designed to minimise the effect of selection bias on the estimates of the effect of grant receipt. The fact that the magnitude of the estimated effect is robust to variations in the method and the bandwidth (Table 3) suggests that it is doing its job, but there is ultimately no way to confirm whether selection bias is still present. As an alternative window on the extent to which the observed effects might be driven by selection bias as opposed to real causation, we perform two placebo tests, re-estimating the model using first an outcome and then a treatment variable that we do not expect, a priori, to be related to technological innovation. If the model worked just as well with these 'placebo' variables, it would suggest that the estimated treatment effect is more likely to be due to selection bias; that is, the treated firms are simply better in some unobservable way than the untreated firms. Conversely, if these models do not find a significant treatment effect, that provides some indirect evidence that our results are not greatly affected by selection bias.
First, we consider the effect of R&D grant receipt on employee satisfaction, an outcome that is not likely related to a firm's innovativeness, though it might be related to more general aspects of firm quality that would influence selection. BOS has a question on how a firm compares to its major competitors on employee satisfaction, with values of 1, 2, 3 respectively indicating 'lower than', 'on a par with' and 'higher than' competitors. 32 As Table 7 (column 1) shows, the mean employee satisfaction score in the control group is 2.5, suggesting that the typical BOS firm believes that it outperforms its major competitors on employee satisfaction. The PSM approach finds no statistically significant effect of R&D grant receipt on employee satisfaction score. If firms received R&D grants because of unobservable superiority not captured by the PSM method, we would expect these selected firms to also show higher employee satisfaction. This suggests (though of course does not prove) that the PSM method is adequately capturing the firm attributes that lead to selection, so that the observed treatment effect on firm innovation is real rather than just a selection effect.
Second, we examine the impact on innovation outcomes of receipt of ETP assistance. ETP was a programme aimed at upskilling the owners and operators of small to medium enterprises (those employing up to 50 full-time equivalent employees) to help them develop and grow their businesses. It was not designed to influence innovativeness per se, and it provided no resources for 32 Firms answering 'don't know' to this question are excluded from this analysis.
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R&D. 33 In order to compare a result for ETP receipt with our findings, we first re-estimate the impact of R&D grant receipt on the BOS sample covering firms with fewer than 50 employees for the same time period as the ETP data (2005, 2007 and 2009 only) . As Table 7 (column 2) shows, the effects of R&D grant receipt on innovation outcomes for this sample are similar to those for the sample of small to medium firms in all five years (Table 4 , column 3). In column 3 (Table 7) , we estimate the 'placebo' model in which the treatment variable is 'received ETP assistance in the previous three years'. Comparing the results in columns 2 and 3, we find that both R&D grants and ETP have similar effects on the probability that a firm carries out any type of innovation and neither type of assistance has any effect on process innovation. The effect of ETP receipt on the probability of any product innovation (raising by 3.7 percentage points, column 3) is only a third that of R&D grant receipt (12 percentage points, column 2). While R&D grant receipt is estimated to raise the probability of 'new product to the world' innovation by 8.7 percentage points, no effect is found for ETP receipt. The effect of ETP receipt on sales due to new products is smaller (0.7 percentage point, column 3) than that of R&D grant receipt (1.6 percentage points, column 2) and neither estimate is significant. Interestingly, significant effects on organisational and marketing innovation are found for ETP receipt but not for R&D grant receipt.
The estimated effects of ETP receipt on innovation outcomes are robust to the exclusion of firms that received an R&D grant in the previous three years (column 4).
Since ETP is not designed to influence a firm's technological innovativeness, the cleanest result would have been to find no effect of ETP on our innovation measures. What we found instead is that ETP assistance is associated with some increase in innovation. However, compared to the effect of an R&D grant, the ETP innovation effects are smaller, are absent in the most novel innovation outcomes ('new product to the world' and sales due to new products), and are tilted towards organisational and marketing innovation rather than the technological innovation we expect to be driven by R&D. Combined with the above results for the employee satisfaction measure, this suggests that part of the estimated effects of R&D grant receipt presented in Tables 3-5 might be due to selection on unobservables, but that selection bias is likely to be small, particularly for the most important and most novel innovation measures. 34
Summary and conclusions
This study has used data from the LBD to examine the impact of R&D grant receipt on innovation outcomes for New Zealand firms. Using the PSM approach, the study shows, as expected, that a portion of the overall superior innovation performance of grant-receiving firms likely represents a selection effect, but that innovation performance of grant-receiving firms on most innovation measures exceeds that of propensity-matched firms, suggesting that there is a causal effect of grant receipt.
In particular, based on the BOS sample, we find that receiving an R&D grant almost doubles the probability that a firm introduces new goods and services to the world while its effects on process innovation and any product innovation are relatively much weaker. Moreover, R&D project grants have much larger effects on BOS-based measures of innovation outcomes than R&D capability building grants, which is to be expected, given the nature of each type of grant. There is no evidence that the effects of R&D grant receipt on these measures of innovation differ significantly between small to medium (<50 employees) and larger firms. Furthermore, we find that receipt of an R&D grant significantly increases the probability that a firm in the manufacturing and service sectors applies for a patent during 2005-2009, but no positive impact is found on the probability of applying for a trademark. These findings are broadly in line with recent international evidence from Japan, Canada and Italy (reviewed in Section 2) which found positive impacts of public R&D subsidy on patenting activity and the introduction of new products.
The results are subject to the limitations in the PSM approach. This approach rests crucially on the assumption that-conditional on observables as captured by the propensity score-the assignment to treatment (i.e., receiving an R&D grant) is purely random. This assumption is not directly testable. We use a large number of explanatory variables to predict the probability of R&D grant receipt, which helps minimise selection bias due to unobservables (since selection on unobservables tends to be strongly linked to selection on observables). Another advantage of our data is that they come from a variety of survey and administrative sources (e.g. R&D grant receipt is from MBIE records, firm size is from tax records, patent and trademark applications are from IPONZ records, measures of innovation à la the Oslo manual are from the BOS survey, etc.), thus associations between variables are less likely to reflect respondent bias and more likely to reflect a meaningful statistical relationship and possibly causation. The robustness of the results to various formulations, combined with the results for the 'placebo' tests suggests that there is probably a true causal effect, particularly for the narrowest innovation measure (new product to the world), but selection bias likely remains part of the picture.
The results provide some evidence for the public policy value of R&D project grants, but it is important to keep in mind that innovation is an intermediate outcome of technology policy; the goal of the policy is increased productivity and sales of improved products. A previous LBD study (Ministry of Economic Development, 2011) examined whether the R&D grant programme increased receiving firms' sales, employment and productivity. That study found some evidence of impact for capability-building grants, but no evidence of impact for R&D project grants; the positive impact was limited to small firms (<6 employees), with no evidence of impact for larger firms. This contrasts with our finding of much stronger innovation impacts for the R&D project grants, and no significant difference in impact across firm size categories. How could it be that R&D project grants increase firm innovation but do not improve firms economic performance? Logically, there are several possibilities.
1. Project grants foster innovation and innovation fosters improved economic performance on average, but the link is so highly variable that in a small sample such as this the effect cannot be detected. 2. Project grants foster innovation and innovation fosters improved economic performance, but the lag between innovation and improved performance is so long and/or so variable that this effect cannot be detected. (The Ministry of Economic Development study considers performance outcomes up to four years after a firm first receives assistance.) 3. Project grants may foster innovation and improved economic performance, but imitations may follow innovations so quickly that the returns accrued to original innovators are not significantly higher than to imitators. This non-appropriability issue is part of the reasons why firms under-invest in R&D, and hence government subsidy is required to improve resource allocation for innovation. 4. Project grants foster innovation and true technological innovation fosters improved economic performance, but the innovation measures we are using are such poor proxies for true innovation that the link cannot be detected. 5. Project grants foster innovation, but innovation is not a sufficiently important determinant of economic performance to make an increase in innovation due to a project grant show up in economic performance relative to that of firms that did not get a grant (and presumably used other means to improve economic performance). 6. Project grants have no effect on true innovation (and hence no effect on economic performance), but employees of grant-receiving firms consciously or unconsciously rationalise having received a grant by saying that they are innovating even if they are not.
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Distinguishing among these possible explanations is important. Under explanations 1-3, the grants' success in fostering innovation implies eventual success with respect to the policy goal of improving economic performance. Explanations 5 and 6 imply that R&D project grants are not effective public policy. Explanation 4 leaves the question unresolved. Some additional insight on these issues would be provided by an analysis that looked more broadly at the relationship between innovation and economic performance for firms in the BOS data, regardless of whether or not they received government R&D support. As Callaghan Innovation ramps up its R&D support programmes, and more time passes for the firms who have already received grant support, some of the uncertainty generated by small, short samples will also be mitigated.
